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IMPLICATIONS OF THE LUNA 9 PICTURES 

The s u c c e s s f u l  expe r imen ta t ion  w i t h  Luna 9 r e s u l t e d  i n  an 

i n t e r e s t i n g  s e t  o f  panoramic l u n a r  s u r f a c e  p i c t u r e s  o f  h igh  

q u a l i t y .  The d e f i n i t i o n  appears  t o  be c l o s e  t o  1 m i l l i m e t e r  . 

f o r  t h e  n e a r e s t  ground and t h e  i l l u m i n a t i o n  and range of gray  

s c a l e  i s  good enough t o  a l low t h e  d e t a i l e d  s u r f a c e  shapes t o  

be seen .  Owing t o  an unpred ic t ed  movemmt;tthat - took p l a c e  some 

hours  a f t e r  t h e  l a n d i n g ,  views f r o m  d i f f e r e n t  p o s i t i o n s  a r e  

a v a i l a b l e  from which a s t e r e o s c o p i c  p i c t u r e  can be c o n s t r u c t e d .  

Despi te  t h e  c l a r i t y  o f  t h i s  v i s u a l  i n fo rma t ion ,  i t  seems t o  be 

imposs ib le  t o  make any d e f i n i t i v e  judgment concerning t h e  

mechanical p r o p e r t i e s  o r  t h e  p rocesses  r e s p o n s i b l e  f o r  t h e  

format ions  seen  t h e r e .  

Many obse rve r s  made t h e  r a p i d  judgment t h a t  t h e  ground looked 

l i k e  s o l i d i f i e d  l a v a  and a l l  t h e  many ho le s  were bubbles  and pores  

caused by foaming and degass ing  dur ing  s o l i d i f i c a t i o n .  There 

a r e ,  however, grave d i f f i c u l t i e s  wi th  t h i s  p o i n t  o f  view connected 

wi th  a d i s c u s s i o n  of t h e  r a t e  o f  d e s t r u c t i o n  by m e t e o r i t i c  i n f a l l ,  

and of t h e  o p t i c a l ,  therma1,and r a d a r  p r o p e r t i e s  of t h e  s u r f a c e .  

A l s o ,  t h e  conclus ion  l o s e s  i t s  f o r c e  when it  i s  r e a l i z e d  t h a t  t h e  

appearance of  a p u l v e r i z e d  rock s u r f a c e  s u b j e c t e d  t o  bombardment 
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becomes almost  i n d i s t i n g u i s h a b l e  from t h a t  of t h e  Luna 9 

p i c t u r e s .  

We have prepared  such s u r f a c e s  o u t  o f  d ry  commercial cement 

powder (average p a r t i c l e  s i z e  fi 1 micron) mixed wi th  powdered 

dyes t o  g ive  a c l o s e  approximation t o  t h e  a c t u a l  r e f l e c t i v i t y  of 

t h e  l u n a r  ground. A l l  t h a t  i s  necessa ry  i s  t o  throw powder a t  

s i m i l a r  powder u n t i l  t h e  s t a t i s t i c a l  n a t u r e  i s  no longe r  changed 

by such f u r t h e r  t r e a t m e n t .  The adhesion o f  any very  f i n e  rock 

powder i s  q u i t e  enough t o  main ta in  t h e  s t e e p  o r  even v e r t i c a l  

s l o p e s  on a smal l  s c a l e  and even s u b s t a n t i a l  p ro tube rances  can 

be c o n s t r u c t e d  by compaction o f  t h e  powder (we noted  i n  experiments  

w i th  smal l  charges  o f  h igh  exp los ive  t h a t  such compaction f r e q u e n t l y  

occurs  i n  t h e  e j e c t e d  m a t e r i a l  f rom a c r a t e r ,  l e a v i n g  pro tuberances  

s t and ing  a f t e r  t h e  e x p l o s i o n ,  t h a t  a r e  n e v e r t h e l e s s  t o o  f r i a b l e  

t o  be p icked  up by hand) .  

The s m a l l e r  t h e  g r a i n  s i z e  o f  a powder t h e  more cohes ive  

i t  t ends  t o  become. F o r  t h i s  reason  t h e  appearance shown i n  t h e  

Luna 9 p i c t u r e s  would r u l e  o u t  a sand a s  t h i s  would f a i l  t o  main- 

t a i n  t h e  s t e e p  s l o p e s .  I t  does n o t ,  however, r u l e  o u t  f i n e  powders 

o f  p a r t i c l e  s i z e  l e s s  t han  1 0  o r  20 microns,  o f  almost any 

mine ra l .  

I t  has sometimes been thought  t h a t  t h e  d i s c u s s i o n  o f  a d u s t  

l a y e r  cover ing  t h e  l u n a r  s u r f a c e  would imply an exceedingly  
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mobile ,  e a s i l y  f lowing  m a t e r i a l ,  w i th  perhaps flow channels  

be ing  v i s i b l e  on t h e  s u r f a c e ,  o r  a m a t e r i a l  of exceedingly  

low bea r ing  c a p a c i t y .  Ne i the r  o f  t h e s e  conc lus ions  fo l low,  

a s  t h e  p r e s e n t  a u t h o r s  have po in ted  o u t  on many p rev ious  occas ions .  

The d i s c u s s i o n  of rock d u s t  concerns t h e  p rocess  o f  format ion  o f .  

t h e  p r e s e n t  s u r f a c e  by t h e  d e p o s i t i o n  of smal l  p a r t i c l e s ,  t h e  

d e s t r u c t i o n  by impact ,  o r  t h e  downhil l  movement of t h e  f i n e  d e b r i s .  

There has been no a c c e p t a b l e  theo ry  concern ing  t h e  b inding  between 

t h e  p a r t i c l e s  t h a t  may have developed,  o r  t h e  degree o f  compaction 

t h a t  they  may have s u f f e r e d .  Without t h a t  knowledge t h e  mechanical 

p r o p e r t i e s  of  a s u r f a c e  de r ived  a s  a d u s t  can cover  a very  wide 

r ange ,  and t h a t  p o s s i b l e  range has  n o t  been diminished much even 

wi th  t h e  success  of t h r e e  Rangers and o f  Luna 9 .  

I t  had been c l e a r  f o r  s e v e r a l  y e a r s  through t h e  r a d a r  d a t a  

t h a t  t h e  moon's s u r f a c e  was completely rough on a s c a l e  o f  a few 

c e n t i m e t e r s .  

and t h e  roughness now seen  i s  thus  i n  no way a s u r p i s e .  I t  had 

been d e s c r i b e d  t h a t  t h e  ground-must be only  g e n t l y  u n d u l a t i n g  

when i n v e s t i g a t e d  on a s c a l e  o f  1 0  c m .  o r  l a r g e r ,  bu t  exceedingly  

rough when i n v e s t i g a t e d  on a s m a l l e r  s c a l e .  The most l i k e l y  

This  had been po in ted  o u t  by s e v e r a l  a u t h o r s  ( 3 , 4 , 1 1  



type of roughness seemed that caused by impacts of primary, secondary 

or tertiary kind leading to densely overlapping little craters. 

That now seems a perfectly good description of what is in fact 

seen. 

The vesicular lava hypothesis for the detailed appearance of 

the ground would require that external bombardment had not even . 

destroyed features on a scale of centimeters. Estimates, on the 

other hand, of the primary and secondary bombardment would however 

imply no more than a few tens of thousands of years before these 

features would be completely obliterated. The Solidification 

of the lava on the other hand cannot reasonably be thought of as 

being less than several hundred million years a g o .  Meteoritic 

infall would have had to have been many orders of magnitude less 

than it is now. 

This argument is not avoided by supposing, as some authors do, 

that meteoritic infall removes more mzterial of the moon than it 

brings in. Even if each incoming particle were to liberate and 

throw back into space more than its own mass there is no doubt 

that a very much larger quantity of material would be shattered 

and moved. At any time a surface would be seen which has been 

worked over by meteoritic infall to some substantial depth and at 
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any r a t  s e v e r a l  c e n t i m e t e r s .  The f i n e  s t r u  t u r e  o f  t h e  ground t h  

i s  seen  can then  no t  be t h e  o r i g i n a l  p o r o s i t y  o f  f r e e z i n g  l a v a  

even i f  t h e  ground were b a s i c a l l y  made of l a v a .  

The r a d a r  ev idence  concern ing  t h e  d i y f e r e n c e  i n  t h e  r a d i o  

p r o p e r t i e s  o f  t h e  young and o l d  c r a t e r s  c l e a r l y  r e q u i r e s  t h a t  

t h e  ground has been plowed over  by e x t e r n a l  agencies  t o  such a 

depth  a s  t o  be e f f e c t i v e  a t  70-em. r a d i o  wavelength.  That depth  

i s  thought  t o  be s e v e r a l  me te r s .  The evidence i s  very c l e a r - c u t  

t 

t h a t  each young c r a t e r  i s  a much s t r o n g e r  r a d a r  s c a t t e r e r  t han  o l d  

c r a t e r s  o f  comparable d iameter .  Unless i t  were thought  t h a t  t h e  

p rocess  of gene ra t ion  o f  c r a t e r s  had completely changed i t s  n a t u r e  

between a l l  t h e  o l d  c r a t e r s  and t h e  smal l  number of young ones ,  

one would have t o  suppose t h a t  an e x t e r n a l  a c t i o n  had made t h e  ground 

smoother and more r a d a r  absorbent  i n  t h e  course  o f  t ime.  The 

d e s t r u c t i o n  and plowing over  by m e t e o r i t e s  would seem a p e r f e c t l y  

s a t i s f a c t o r y  exp lana t ion  f o r  t h a t .  I n  t h a t  c a s e ,  however, a l l  

bu t  t h e  youngest c r a t e r s  have been worked over  t o  a depth  of a t  

l e a s t  s e v e r a l  me te r s .  No o r i g i n a l  l a v a  appearance could  t h e n  be 

p re se rved .  

Thermal d a t a  s i m i l a r l y  r e q u i r e  t h a t  t h e  youngest c r a t e r s  

d i f f e r  from a l l  t h e  o t h e r s  i n  be ing  made o f  more compact m a t e r i a l .  
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Exactly the same arguments apply except that the total depth effective- 

ly tested by thermal measurements is much less. 

The Mechanical Properties Tested by Luna 9 

Some limits on the mechanical properties of the lunar soil . 

can be placed by the successful oqeration of Luna 9 and certain 

remarkable mechanical properties seem to be indicated. Firstly, 

the bearing strength was certainly enough to support the two-foot 

diameter sphere weighing 220 lbs., and thus approximately 40 lbs. 

on the moon. The depth of sinkage is not known and unless other 

information is available the pictures would not have revealed a 

sinkage of as much as six inches. The static bearing load is then 

little over one-tenth of a p.s.i. which is a low figure even 

for uncompacted s o i l s ,  

Initially some observers surmised that much more was implied, 

namely that the present resting place of Luna 9 was also the place 

at which it first impacted. This however seems quite unlikely. 

The mode of landing of Luna 9, one of ejecting the instrumented 

spherical package from a bus which executed the landing maneuver, 

was clearly a mode that allowed a much larger horizontal component 

of velocity than vertical for the final impact. Since it is harder 
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t o  cance l  w i th  p r e c i s i o n  t h e  h o r i z o n t a l  components of v e l o c i t y  t h a n  

t h e  v e r t i c a l ,  one assumes t h a t  t h i s  freedom w i l l  have been u t i l i z e d  

and t h a t  t h e  sphere  i n  f a c t  h i t  t h e  u r f a c e  i n i t i a l l y  a t  a 

g l anc ing  ang le .  F o r  t h e  v e l o c i t i e s  involved it would then  s k i p ,  

even on t h e  l i g h t e s t  and f l u f f i e s t  s o i l s  one might envisage  ( indeed 

i t  would a l s o  s k i p  on w a t e r ) .  I t  would then  r o l l  and f i n a l l y  come 

t o  r e s t ,  no doubt having an i n t e r n a l  weight d i s t r i b u t i o n  t h a t  

f a v o r s  approximately t h e  c o r r e c t  a t t i t u d e .  I t s  f o u r  p e t a l s  t h a t  

t hen  opened w i l l  have helped t o  e r e c t  t he  package p r i o r  t o  i t s  

f u n c t i o n .  I n  t h i s  mode o f  l and ing  t h e  impact l oad ing  may have 

been l a r g e  a t  f i r s t  impact ,  b u t  would n o t  l e a d  t o  d igg ing  i n  

i n  any kind of s o i l .  The f i n a l  r e s t i n g  p l a c e  a f t e r  sk ipp ing  and 

r o l l i n g  would b e a r  no more than  t h e  s t a t i c  weight .  This  i s  a 

method o f  l and ing  an ins t rumented  package which avoids  many of t h e  

d i f f i c u l t i e s  of  o t h e r  t ypes  o f  l and ing  maneuver, and which i s  

p a r t i c u l a r l y  a p p r o p r i a t e  t o  a ground of unknown b e a r i n g  c a p a c i t y .  

During t h e  f i r s t  day and between two p i c t u r e - t a k i n g  sequences,  

t h e  package seems t o  have s h i f t e d  s o  t h a t  t h e  p o i n t  o f  o r i g i n  o f  

t h e  p i c t u r e s  was d i s p l a c e d  by s e v e r a l  i nches .  This  i s  a very  

remarkable f a c t .  There i s  even an i n d i c a t i o n  o €  a second s m a l l e r  

movement a l s o .  From f i r s t  r e p o r t s  i t  does no t  appear  t h a t  t h e  

exper imenters  wish t o  a t t r i b u t e  t h i s  t o  any i n t e r n a l  a c t i v i t y  o r  
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s h i f t i n g  of weights .  I f  a p a s s i v e  o b j e c t  were thrown i n  a rocky 

d e s e r t  anywhere on t h e  e a r t h  i t  would be exceedingly  u n l i k e l y  t h a t  

i n  t h e  absence o f  wind o r  wa te r  i t  would move some hours  a f t e r  

l and ing .  No p rocesses  could  be env i s ioned  t h a t  have t ime c o n s t a n t s  

o f  hours  and t h a t  have a r easonab le  p r o b a b i l i t y  of o c c u r r i n g .  

Earthquakes a r e  an exceedingly  u n l i k e l y  e x p l a n a t i o n ,  f o r  i f  t h e  

moon had such v i o l e n c e  of ear thquakes  o c c u r r i n g  a s  t o  make t h i s  

event  probable  i t  would no doubt have shown many o t h e r  v i s i b l e  

e f f e c t s  i n  h i s t o r i c a l l y  observed t imes .  Thermal d i s t o r t i o n s  of 

e i t h e r  t h e  ground o r  t h e  package a r e  s o  smal l  t h a t  one would have 

t o  suppose t h e  package t o  have come t o  r e s t  i n  an exceedingly  

d e l i c a t e l y  po i sed  p o s i t i o n .  One would guess t h a t  t h i s  would no t  

occur  once i n  a hundred throws on a t e r r e s t r i a l  s u r f a c e  even i f  

one s u b j e c t e d  t h e  package t o  t h e  tempera ture  range exper ienced  

on t h e  moon between l i g h t  and da rk .  Yet ,  i f  t h i s  i s  the  f i r s t  

in format ion  w e  have concern ing  mechanical p r o p e r t i e s  of  t h e  l u n a r  

s u r f a c e  we must c l e a r l y  avoid f o r c i n g  t h e  e x p l a n a t i o n  towards 

very  u n l i k e l y  occurrences  i n  o r d e r  t o  p r e s e r v e  t e r r e s t r i a l  type  

s u r f a c e s .  Ra the r ,  we must wonder whether the  l u n a r  s u r f a c e  i s  o f  

a kind  t h a t  makes t h i s  k ind  of  event  p robab le .  
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P l a s t i c  deformation t ime c o n s t a n t s  i n  any k ind  o f  rock 

m a t e r i a l  a r e  many o r d e r s  of  magnitude longe r .  No s i g n i f i c a n t  

deformation can be env i s ioned  t h a t  would t a k e  a m a t t e r  of hours  

t o  occur  and then  t r i g g e r  o f f  a l a r g e r  ampli tude movement. The 

only  excep t ion  t o  t h a t  t h a t  w e  can now sugges t  would be time 

c o n s t a n t s  i n  t h e  n a t u r e  o f  t hose  of  an h o u r g l a s s ,  I f  t h e  l u n a r  

ground underneath Luna 9 ,  and perhaps underneath most  a r e a s ,  had 

l o t s  of hollow s p a c e s ,  such a s  t h o s e  t h a t  would be produced 

by a l l  t h e  many secondary impacts a t  moderate speeds ,  t hen  it  i s  

conce ivable  t h a t  t h e  a d d i t i o n a l  l oad ing  may cause many such 

c a v i t i e s  t o  cave i n .  The time c o n s t a n t s  of cav ing  i n  may then  be 

g iven ,  j u s t  a s  i n  t h e  case  of an h o u r g l a s s ,  by t h e  many smal l  

p a r t i c l e s  t h a t  have t o  f a l l  i n  sequence b e f o r e  a major s t r u c t u r a l  

change i s  made. I f  t h e  a d d i t i o n  of a new weight on t h e  s u r f a c e  

opens up a f e w  new crakks  i n  a very  porous s t r u c t u r e  o f  no t  very  

f i r m l y  cemented smal l  p a r t i c l e s ,  t hen  l i t t l e  c o l l a p s e s  and l and-  

s l i d e s  may appear  u n t i l  e v e n t u a l l y  t h e  s t r u c t u r a l  p r o p e r t i e s  a r e  

s o  changed t h a t  a major c o l l a p s e  t a k e s  p l a c e .  

The Luna 9 p i c t u r e s  c l e a r l y  show a g r e a t  many smal l  h o l e s ,  

I t  i s  no t  c l e a r  whether some o f  t h e s e  h o l e s  go deeply i n t o  t h e  

ground. A powder c o n s i s t i n g  of  p a r t i c l e s  t h a t  have s u b s t a n t i a l  

cohesion would have t h e  p r o p e r t y  t h a t  p r o j e c t i l e s  a t  r i f l e  b u l l e t  
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speeds would easily make deep internal channels. The bombardment: 

which is secondary to the larger meteoritic impacts will be of 

that nature, and the lunar ground may well be in the equilibrium 

configuration which is obtained by tunneling and coilapse caused 

by primary and secondary impacts. That equilibrium may contain . 

at any time a lot of features that are not far from collapse; 

under the circumstances, the movement of Luna 9 would be a probable 

event 

This interpretation of the occurrence can o f  course not be 

taken as more than a possibility. The lunar surface may be unusual 

in ways that we have not yet thought of. While we may dismiss 

any one explanation of the phenomenon of the movements of Luna 9, 

we should not at this stage ignor an occurrence which constitutes 

one of the few pieces of information we have concerning the 

mechanical properties. of the lunar surface. 



REFERENCE S 

T o  Gold; Ranger Moon P i c t u r e s :  I m p l i c a t i o n s ;  Sc ience ,  
1 4 5 .  1 0 4 6 ,  1 9 6 4 .  - 

B .  W ,  Hapke, An Improved T h e o r e t i c a l  Lunar Plxtometric 
Funct ion ,  A .  J , ,  i n  p r e s s .  

Y .  V. Evans and G .  H .  P e t t e n g i l l ;  The S c a t t e r i n g  Behavior 
o f  t h e  Moon a t  Wavelengths o f  3 .6 ,  68 and 7 8 4  
Cent imeters" ,  J .  Geophys. Res. ,  - 6 8 ,  423-447, 
1963. 

V. L .  Lynn, M .  D .  Sohig ian  and E .  A .  Crocker ,  Radar 
Observa t ions  of t h e  Moon a t  8 . 6  mm Wave3ength; 
MIT Lineoln  Lab Tech. Rept. 331, ASTIA No. DDC 
4 2 6 2 0 7 ;  1963. (See a l s o ,  J ,  Geophys, Res. ,  
_I 6 9 ,  781-783, 1964.) 



Figure  1. A sma l l  p o r t i o n  of  t h e  s u r f a c e  o f  Oceanus Proce l la rum 
as  photographed by Luna 9 .  The "rock" i n  t h e  f o r e -  
ground i s  probably  about  6 f e e t  away and i s  about  
6 inches  i n  d iameter .  A s  judged by s t e r e o s c o p i c  
viewing,  t h e  ho r i zon  appears  t o  be t h e  r i m  of a 
c r a t e r  and i s  probably  n o t  more than  one o r  two 
hundred f e e t  away. (Cour tes ty  Tass)  



Figure 2 .  A s u r f a c e  o f  d u s t  i n  t h e  l a b o r a t o r y .  The p i c t u r e  
shows an a r e a  about 2 f e e t  by 3 f e e t  and should 
be compared wi th  t h e  foreground of F igure  1. The 
m a t e r i a l  i s  d r y ,  commercial Po r t l and  cement 
powder. The s u r f a c e  f e a t u r e s  were formed by 
throwing h a n d f u l l s  of cement powder a t  t h e  
s u r f a c e  t o  s imula t e  t h e  a c t i o n  o f  m e t e o r i t e  
e j e c t a  impacts on t h e  l u n a r  s u r f a c e .  The " 

a r e  clumps of  powder about  3 inches  i n  d iameter .  
The photograph has  been taken  u s i n g  l o w  l i g h t i n g  
and i s  defocussed and p r i n t e d  w i t h  h igh  c o n t r a s t  
i n  o r d e r  t o  s imula t e  t o  a c e r t a i n  e x t e n t  t h e  
c o n d i t i o n s  o f  F igure  1. 



Figure 3. The same surface as Figure 2 except with smaller 
contrast, improved resolution and lighting. Even 
in these circumstances it would be extremely 
difficult to identify the material wihtout addi- 
tional information. For example, the material might 
easily be mistaken for vesicular lava. 


